Diet has been established as a major source of exposure to PAHs for humans especially nonsmokers. Therefore their presence in plants constitutes a major health concern. This research aims to determinine the concentration and profile of sixteen US-EPA priority PAHs in tropical edible Triangulare (Water leaf)), grown on potted contaminated soils. Vegetable grown on potted contaminated soils and contaminated soils were extracted using n-hexane/acetone mixture in ultrasonic bath. The extract was purified using a C18 solid-phase extraction cartridge (5 mL). The resultant extract was separated and the PAHs quantified on an Agilent 6890 Gas chromatography/mass spectrometer (GC/MS). Total PAH concentration in contaminated soils and plants grown on them were 200 -250,000 ng g -1 and 100-5,000 ng g -1, respectively.
INTRODUCTION
In tropical Africa, over a hundred vegetables species are cultivated for consumption. Specifically in Nigeria and other sub-Saharan African countries tropical vegetables has been part of the food systems for generations. With the increased awareness of the health protecting properties of vegetables immense attention has been drawn to the consumption of vegetables in Nigeria.
Vegetables are now among the most important cultivated food crops (1) .
Diet has been established as a major source for polycyclic aromatic hydrocarbons (PAHs) exposure to humans especially for non-smokers (2, 3), therefore their presence in plants constitutes a major health concern (4, 5) . Accumulation of PAHs by vegetable may be an indirect exposure pathway to humans. Plants through their roots can take up PAHs from soil and water, bio-concentrate and translocate them to their storage organs which are usually eaten by man and other organisms (6) (7) (8) (9) (10) . The amount of PAHs taken up by plants is a function of many factors, including initial soil concentrations, microbial population and plant species. Typical responses of plants to PAHs contamination are poor germination and growth (11) .
PAHs are ubiquitous compounds known as carcinogens and mutagens. They have been found in petroleum and its products as well as in many contaminated sites (12) . Contamination of soils by PAHs are usually due to anthropogenic activities such as cracking of crude petroleum, burning of fossil fuels, oil spills, incineration of industrial and domestic waste among others. They are persistent, resistant to bio degredation and can be transferred to water bodies, soil and plant.
Cancer has become a major source of morbidity and mortality globally. A total of 1,660,290 new cancer cases and 580,350 cancer deaths were projected to occur in the United States in 2013 by Siegel et al. (13) . Badmus et al (14) reported the hospital prevalence rate of prostate cancer as 182. 5 per 100,000 male admissions in South Western Nigeria. Age standardised breast cancer incidence rate at the Ibadan and Abuja cancer based registries of Nigeria were found to be 52.0 per 100000 and 64.6 per 100000, respectively while cervical cancer incidence rate were 36.0 per 100000 and 30.3 per 100000, respectively (15) . Human health, agricultural development and the ecosystems are all at risk unless water, land systems are properly monitored and regulated.
Soil and water are usually monitored but plant monitoring for contaminants has been totally neglected in all regulations (16) (17) (Loughborough, UK).
Soil Sampling
Contaminated composite surface soil samples were obtained from three locations in Lagos, transported to the laboratory where a portion was air dried for 4 days in the dark at ambient room temperature ≤ 32 0 C and sieved using 2 mm sized sieve and kept prior to analysis. Another portion was immediately prepared for planting and the remaining was kept for grain size analysis.
Physico-chemical analysis of soils
Particle size distribution of soils, were determined by the British Standard Method using wet sieving and sedimentation technique (25). Soil pH were determined in 0.01 mol L -1 CaCl2 (10 mL:5 g of soil). Total organic carbon (TOC) and Soil organic matter (SOM) were determined using the Walkley-Black titrimetric method (26) . Oil and grease in soil samples were extracted in acetone: n-hexane (50:50 v/v), with an ultrasonic and quantified gravimetrically (27) .
Extraction, clean-up and analysis of PAHs in soils
Between 0.5-5 g of each air dried soil samples (depending on the degree of contamination estimated by the oil and grease) were extracted for PAHs. Samples were spiked with deuterated internal standard (to evaluate the extraction efficiency) solution mixture which contained d10-acenaphthene, d8-naphthalene, d10-phenanthrene, d12-chrysene, d12-perylene and d4-1,4-dichlorobenzene solution (25 µL of 10 mg mL -1 ) and extracted in an ultrasonic bath using three sequential extractions of acetone:n-hexane (1:1v/v). The combined extract (25 mL) was concentrated under nitrogen to about 500 µL. 200 mg C18, Bond Elute, in 5 mL cartridge was used for clean-up under pressure. SPE cartridges were pre-conditioned with dichloromethane (DCM), methanol, methanol:water (1:1), water, (acetone : n-hexane: water (1:1 :1) and finally acetone: n-hexane (1:1) sequentially. The concentrated extract was then loaded and eluted with 5ml of DCM:n-hexane (1:1 ) at a flow rate of 1 mL min -1 . Eluates were evaporated to dryness under nitrogen and reconstituted in1 mL of n-hexane. Care was taken to ensure the cartridge did not dry during the conditioning and loading of sample extract. For quality control, sample series were made to include a CRM extract, one standard that has been treated similarly to the samples (recovery determination), six standards of varying concentrations (0-5000 µg mL at 70 eV. The injector and auxiliary temperatures were set at 290 ºC and 300 ºC, respectively. Ion source temperature was 250 ºC. Identification and analysis of PAHs in soils were carried out by confirmation of retention time and abundance of quantification/confirmation ions compared to authentic standards. All the identified compounds were quantified using selective ion monitoring (SIM).
Soil Sample Preparation for Planting
The 
Extraction, clean-up and analysis of PAHs in Plants
All the harvested plants where divided into three parts namely the leaves, stems and roots but Allium Ascalonicum (Spring Onions/Alubasa elewe) and Lactuca Sativa (Lettuce) (which had only leaves and root) were divided into two parts. They were shredded with a domestic shredder and weighed for analyses. 0.5 -5 g of plant materials were weighed into an amber glass bottles and extracted sequentially thrice in an ultrasonic bath using 5 mL of Hexane: acetone (1:1,vol:vol). Extraction, clean up and analysis of PAHs were as in the analysis of soil above. The sum PAHs of the 16 priority USEPA PAHs were calculated based on dry weight of plants.
RESULTS AND DISCUSSION
Physico chemical properties of soil samples were determined and results are shown in Table 1 .
Particle size an important feature of soil, which affects soil physical and chemical properties such 
PAHs Concentration
To evaluate the extraction efficiency for the target compounds, recovery studies were carried out using 6 isotopically labelled PAHs, (d10-acenaphthene, d8-naphthalene, d10-phenanthrene, d12-chrysene, d12-perylene and d4-1,4-dichlorobenzene). The average surrogate recoveries were between 75 and 95 %. This demonstrates that there was no significant loss of analytes during sample preparation processes. Calibration curves were obtained using a series of varying concentrations of a multi-component standard containing each of the 16 USEPA PAHs and the r 2 value of the calibration curves had a range of 0.994 to 0.999. Limit of detection (LOD) and limit of quantification (LOQ) were obtained as concentrations of target compounds in a sample that results in a peak with signal-to-noise (S/N) ratio of 3:1 and 10:1, respectively (33) . The LOD and LOQ for the PAHs in this study had a range of 1.2 ng/ml to 60ng/ml and 3.8 ng/ml to 200 ng/ml, respectively for individual USEPA PAHs ( Table 2 ). The LOD was used as method thrived only on two soils (B25 % and D100 %) and CelosiaArgentea (Soko) also grew on four soils (A25 %, A50 %, C10 % and 100 %). The soils and soils mixes on which Lactuca Sativa (Lettuce) and CelosiaArgentea (Soko) grew were the least contaminated soils. Their ability to grow on soils with low contamination makes them a potential bio indicator for polluted soils.
The 16 priority USEPA PAHs were analysed in the different plants parts and the results are shown in Table 3 . PAH concentrations in plants grown on contaminated soils compared with the control soils were higher. The PAHs concentrations of roots were for most plants higher than in their stems and the PAHs concentrations of stems were higher for leaves (Table 3) . This finding was similar to that of other researchers who worked on PAH(s) uptake by plant (30-32). Vácha et al., PAHs interacts with numerous hydroxyl groups in polysaccharides (such as cellulose, hemicelluloses and pectin) of plant cell (37) . Un-Nisa and Rashid (38) in their study found that the Vetiver grass (Vetiveria zizanioides) effectively removes PAHs from soil and that the levels were significantly higher in root and shoot of contaminated soils compared to the levels in the control. In some plants, PAHs concentration were higher than the soil where it was planted. This is probably due to bioaccumulation of the PAHs by the plants.
PAH profiles in plants harvested and soils on which plants grew.
There were variations in the PAH profiles of soils samples ( Figure 1a Since the actual edible part for these vegetables are the leaves and not the root which had higher amounts of PAHs, less risk is associated with the consumption of these vegetable plants.
However, data from this study will be used subsequently to access the actual risk associated with the consumption of contaminated vegetables.
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